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SYSTEM AND METHOD FOR RECORDING 
REFLECTION BRAGG GRATINGS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to optical ?lters developed through 
Writing volume holographic gratings in photorefractive mate 
rial and more particularly to recordation of re?ection Bragg 
Gratings used as optical ?lters. 

2. Description of Related Art 
Re?ection Bragg Gratings are volume gratings that are 

Written by recording volume holograms created by the inter 
ference betWeen tWo optical beams. Writing the volume holo 
grams may be performed through transmission geometry or 
re?ection geometry setups. 

FIG. 1A shoWs a conventional re?ection Bragg Grating 
recording system in transmission geometry and FIG. 1B 
shoWs a conventional re?ection Bragg Grating recording sys 
tem in re?ection geometry. In transmission geometry, beams 
of light 1, 2 are incident on one side of a target 3 and the 
interference pattern of the tWo beams Within the target 3 is 
recorded. In re?ection geometry, beams of light 10, 20 are 
incident upon opposite sides of a target 30 and their interfer 
ence pattern is recorded. 

As shoWn in FIG. 1B, When recording the re?ection Bragg 
Grating in re?ection geometry, tWo optical beams 10, 20 are 
transmitted through opposite faces of a recording medium 30. 
The recording medium 30 may also be referred to as a target 
or a sample and it may be made from a material such as 
lithium niobate or photothermorefractive glass. The interfer 
ence pattern caused by the tWo beams 10, 20 intersecting at 
the center of the recording medium 3 0 is recorded. Each beam 
10, 20 enters the recording medium 30 at the same angle of 
incidence, interferes With the other beam 20, 10, and contin 
ues through the medium 3 0 to exit from the opposite face. The 
interference patterns are used to record the volume holograms 
Within the medium 30. 

Typical systems for recording Bragg Gratings, in either 
re?ection or transmission geometries, include Wavefront 
splitting interferometers, phase-masks, or amplitude-split 
ting interferometers. The Wavefront-splitting interferometer 
systems carve out tWo interfering beams from different areas 
of the Wavefront of a spatially coherent beam. Such splitting, 
hoWever, results in diffraction at the boundary of the cut, 
causing parasitic interference fringes. Further, additional 
beam expansion is necessary if large-siZed gratings are to be 
recorded. 

In phase-mask systems, a phase mask is illuminated by a 
single laser beam, creating interfering beams on a closely 
positioned target. Large-sized or thick gratings cannot be 
recorded With these systems. 

In amplitude-splitting interferometer systems, Which are 
the most common, tWo interfering beams are created by split 
ting a parent beam in tWo, and combining the tWo beams on a 
target in re?ection or transmission geometry. When recording 
a Bragg Grating in re?ection geometry With tWo counter 
propagating beams, the grating may only be reconstructed at 
a Wavelength shorter than the Wavelength used for recording. 
HoWever, the spectral region of photosensitivity for holo 
graphic material is often smaller than the needed region of 
grating operation, making recording in re?ection geometry 
dif?cult. For example, an spectral region of interest for laser 
and communication applications is 1000-2000 nm, and the 
photosensitivity regions of materials that are suitable for 
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2 
recording Bragg Gratings, such as lithium niobate and pho 
tothermorefractive glass, are 370-700 nm and 280-370 nm, 
respectively. 
When the Wavelengths corresponding to the photo sensitive 

regions of the recording material are many times smaller than 
the Wavelengths of interest for the Bragg Grating, the angles 
of incidence become too small to be practicable for use in 
re?ection geometry. The relationship betWeen the photosen 
sitive Wavelengths of the recording media, the Wavelengths of 
interest and the angles of incidence is explained in an example 
beloW. 
When a re?ection Bragg Grating is recorded at a Wave 

length AIR inside a material that at the Wavelength AIR has a 
refractive index nm, the period of the grating is equal to 
KIR/(2nIR). To record such a grating With beams having a short 
Wavelength LUV, the beams must propagate at an angle 20 
With respect to each other in the media With a refractive index 
nUV. As explained in H. Kogelnik, “Coupled Wave theory for 
thick hologram gratings,” The Bell System Technical Journal, 
v. 48, pp. 2909-2945, 1969, that is incorporated herein by 
reference, the angle 0 can be found through the folloWing 
relationship: sin 0:(n,R7»UV)/(nUV7t,R). If the Wavelengths 
AW and AIR differ by a factor of 2 to 5, such that AIR is betWeen 
tWice to ?ve times LUV, the angle betWeen the beams 20 Will 
be less than 60°. This is too small of an angle for irradiation of 
the target from the lateral sides because under such an angle, 
the beams traveling in air cannot penetrate into the standard 
media With refractive indices of about 1.5. Using the spectral 
region of Wavelengths in the range of 1000-2000 nm, and 
recording material of Wavelengths in the range of 280-700 
nm, the ratio of LUV/AIR falls in the range 1.4 to 7 that yields 
angles between the incident beams that are too small to pen 
etrate the recording medium from air. 
When re?ection Bragg Gratings for longer Wavelengths 

such as those actually used in communication applications 
are required, using re?ection geometry for the recording pro 
cess becomes impracticable. As a result, these Bragg Gratings 
are Written in transmission geometry While they are read in 
re?ection geometry. HoWever, the technique of Writing a 
Bragg Grating in transmission geometry and reading it in 
re?ection geometry has draWbacks of its oWn. Accordingly, 
recording in transmission geometry and reading in re?ection 
geometry is not desirable. 
One method for recording in re?ection geometry despite 

the large difference betWeen the Wavelengths of the target 
medium and the desired Wavelengths of the transmission 
medium is use of prisms as shoWn in FIG. 2A. The recording 
method shoWn in FIG. 2A counters the above problems by 
positioning a recording media, i.e. a target 30, betWeen tWo 
prisms 40, 50, that are made of loW-absorbing material such 
as fused silica, and connecting the target 30 to the prisms With 
a liquid With an index of refraction, or refractive index, simi 
lar to the index of refraction of the target. The beams 10, 20 
propagate through the prisms 40, 50 Without high absorption 
and reach the target 30 Without unnecessary losses. This 
alloWs the recording of Bragg Gratings Without the need for 
high quality polishing, and may su?iciently de?ect the beams 
transmitted in the prisms 40, 50 and the target 30 such that the 
angle 20 betWeen the beams 10, 20 in the target 30 is equal to 
the required angle While the beams are still capable of pen 
etrating the target. 

Usually, the accuracy of Wavelength positioning needed for 
communication and laser techniques is about 0.1 nm. To 
achieve this level of accuracy in the Wavelength, the angle 
betWeen the incident beams 10, 20 must be accurately repeat 
able. The relationship betWeen the accuracy of the Wave 
length and the accuracy of the angle 20 betWeen the incident 
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beams is explored below. If, for example, a re?ection Bragg 
Grating is to be recorded at l 5 50 nm in photothermorefractive 
glass With a beam at 325 nm, the angle betWeen the recording 
beams is found from sin 6:(nlR7tUV)/(nUV7tlR) to be 26:0.42 
radians, or approximately 24°. In this calculation nIR~nUV, 
and the small difference in refractive indices at different 
Wavelengths is neglected. Differentiating this equation, one 
can ?nd A6:—tan 6~(A7»IR/7»IR). Using this equation, if at 
KIRII 550 nm the accuracy in the Wavelength is AKIRIOI nm, 
then AKIR/KIRIOI/ISSO Which yields a A6~l .4><l0‘5 radians. 
This means that the angle 26 betWeen the angles betWeen the 
beams should be repeatable With an accuracy of A6~l .4><l0‘5 
radians or approximately 3" (seconds). 

FIG. 2B shoWs the conventional re?ection Bragg Grating 
recording system of FIG. 2A When there is an error in the 
position of the prisms. Any small error in the position of one 
or both of the prisms 40, 50 can change the beam directions 
and loWer the reproducibility of the grating spatial frequency. 
For example, instead of having its intended rectangular cross 
section With perfectly parallel sides, the plate of the photore 
fractive glass that is used as the target 30 may have only 
substantially parallel sides With a deviation from the ideal or 
intended shape in the form of a Wedge of approximately Act. 
This is equivalent to having a change of approximately A0. in 
the angular location of the prism 40 as shoWn in the dashed 
line of FIG. 2B. Therefore, the angle al of incidence of the 
beam on the surface of the prism 40, the angle 26 betWeen the 
beams 10, 20, and the Bragg Grating frequency Will also be 
changed. 

The resultant change in the angle 26 betWeen the beams 
can be determined through Snell’s LaW that applies to a beam 
propagating from a ?rst medium With a refractive index nl 
into a second medium With a refractive index n2. If the angle 
of incidence of the beam at the boundary betWeen the ?rst and 
second mediums from a normal to the boundary is al then, the 
angle (x2 betWeen the refracted beam in the second medium 
and normal is calculated from the relationship: nl sin otfn2 
sin (x2. The amount by Which the beam is de?ected from its 
original path in the second medium is 0t 1—(X2. When the prism 
constituting the second medium is moved from its original 
position by an angle Act, then the angles (x1 and (x2 Will change 
by Actl and Adz, respectively. The angles may change to 
(XI-A01 and (x2—A0t2 or to 0q+A0tl and (x2+A0t2, but Snell’s 
LaW is preserved such that, for example, nl SiI1((Xl—A(Xl):I12 
sin(0t2—A0t2). Differentiation of Snell’s LaW results in the 
folloWing relationship: 

This equation expresses the relationship of the difference 
Aal—A(x2 betWeen the change Aal, Act2 in each of the angles 
of incidence and refraction from the normal at the prism 
boundary and the original value of the angles (x1, (x2. After 
crossing the boundary into the medium With the refractive 
index n2, the angle of deviation of the beam from its original 
path in the medium With the refractive index n1 is equal to 
0t 1—(X2. The change in the angle of incidence Actl results in a 
deviation of the refracted beam Act2 and in a change of the 
total beam deviation A0. 1—A0t2. 
As discussed above, to achieve a reproducibility of 0.1 nm, 

the change in the angle betWeen the tWo beams is A6~l .4><>< 
10'5 radians. The amount A6 is equal to A0. 1—A0t2. Assuming 
nl:l (air), n2:l .5 (glass), oqzotzzo, AGIIAG, and Act‘ 
AGZII .4><l0'5 radians, then it may be calculated from equa 
tion 1 that A0tz4><l0_5 radians. The Wedge tolerance A0. must 
therefore be less than 4><l0_5 radians or 8" (seconds) to pro 
vide above-mentioned reproducibility of Bragg Grating 
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4 
parameters. This Would require special high quality prepara 
tion of the target 30 for Bragg Grating recording. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention describe an optical 
set up and method for recording high-homogeneous re?ec 
tion holographic gratings With an interfering pattern from tWo 
optical beams. Transmissive blocks or members are used to 
hold a sample, i.e. target or recording media, in place and they 
are designed to limit relative angular motion of the blocks and 
the sample With respect to one another. In addition, a special 
matching liquid cell is provided to improve a reproducibility 
of recorded grating parameters. The special matching liquid 
cell excludes the necessity of special preparation of the 
sample for recording of re?ection Bragg Gratings.Antire?ec 
tion coatings may be used betWeen the blocks used for hold 
ing the sample in place. 
Embodiments of the present invention provide a system for 

recording a Bragg Grating in a photosensitive target. The 
target has a ?rst side and a second side opposite the ?rst side 
and substantially parallel to the ?rst side. The system includes 
?rst and second transmissive members that have limited 
angular mobility With respect to one another. The ?rst trans 
missive member is located proximate to the ?rst side of the 
photosensitive target. The second transmissive member is 
located proximate to the second side of the photosensitive 
target and proximate to the ?rst transmissive member. A 
transmissive substance is included betWeen the photosensi 
tive target and the ?rst transmissive member and betWeen the 
photosensitive target and the second transmissive member. 
The second transmissive member limits angular mobility of 
the ?rst transmissive member. 

Embodiments of the present invention also provide a sys 
tem for recording a Bragg Grating in a photosensitive target. 
The target has a ?rst side and a second side opposite the ?rst 
side and substantially parallel to the ?rst side. The system 
includes ?rst, second and third transmissive members. The 
third transmissive member limits angular motion of the other 
tWo. The ?rst transmissive member is located proximate to 
the ?rst side of the photosensitive target. The second trans 
missive member is located proximate to the second side of the 
photosensitive target. The third transmissive member is 
located proximate to the ?rst transmissive member and the 
second transmissive member. A transmissive substance is 
included betWeen the photo sensitive target and the ?rst trans 
missive member and betWeen the photosensitive target and 
the second transmissive member. The third transmissive 
member limits angular mobility of the ?rst transmissive 
member and the second transmissive member. 

Embodiments of the present invention also provide a 
method for creating a Bragg Grating in a target. The target has 
a ?rst side opposite a second side. The method includes posi 
tioning ?rst and second transmissive members next to the 
target, limiting the angular mobility of these transmissive 
members, and radiating beams of light onto the target. The 
?rst transmissive member is positioned proximate to the ?rst 
side of the target. The second transmissive member is posi 
tioned proximate to the second side of the target. A transmis 
sive substance is positioned betWeen the target and the ?rst 
transmissive member and betWeen the target and the second 
transmissive member. The angular mobility of the ?rst trans 
missive member and the second transmissive member is lim 
ited. A ?rst beam of light and a second beam of light are 
radiated toWard the target such that the ?rst beam of light 
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enters the ?rst side and the second beam of light enters the 
second side of the target. The target is a photosensitive 
medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic diagram of a conventional re?ection 
Bragg Grating recording system in transmission geometry. 

FIG. 1B is a schematic diagram of a conventional re?ection 
Bragg Grating recording system in re?ection geometry. 

FIG. 2A is a schematic diagram of a conventional re?ection 
Bragg Grating recording system including lateral prisms. 

FIG. 2B is a schematic diagram of a conventional re?ection 
Bragg Grating recording system including lateral prisms 
When there is an error in the position of the prisms. 

FIG. 3 is a schematic plan vieW of one embodiment of a 
re?ection Bragg Grating recording system according to the 
invention. 

FIG. 4A is a schematic plan vieW of another embodiment of 
a re?ection Bragg Grating recording system according to the 
invention. 

FIG. 4B is a schematic plan vieW of a further embodiment 
of a re?ection Bragg Grating recording system according to 
the invention. 

DETAILED DESCRIPTION 

FIG. 3 shoWs a plan vieW of one embodiment of a system 
for recording a Bragg Grating in a photosensitive target 30. 
FIG. 4A and FIG. 4B shoW tWo alternative embodiments. In 
FIG. 3, the target 30 is surrounded on three of its sides by a 
?rst transmissive member 60, a second transmissive member 
70, and a third transmissive member 80. In this embodiment, 
the transmissive members 60, 70, 80 are made from a non 
photosensitive high transparent material, such as fused silica. 
HoWever, any other suitable transmissive material may also 
be used. The second and third transmissive members 70, 80 
are ?xed to each other by, for example glue, and project in 
different directions around the target 30. 

The second and third transmissive members may also be 
un?xed relative to each other. Even When none of the ?rst, 
second, and third transmissive members are ?xed With respect 
to one another, the positioning of the third transmissive mem 
ber 80 is such that it restricts any rotation or angular move 
ment by the ?rst and second transmissive members 60, 70.All 
of the members may rotate together, hoWever, the type of 
angular deviation shoWn in FIG. 2B is limited by the place 
ment of the third transmissive member 80. 

Alternatively, as shoWn in FIG. 4A and FIG. 4B, the second 
and third transmissive members may be portions of the same 
piece of material 80', 80". In the folloWing description, pieces 
80' and 80" may be used instead of a combination of second 
and third transmissive members 70, 80 When appropriate. A 
mention to these pieces is often omitted. 

In one embodiment, a transmissive substance 90 is inserted 
betWeen each of the transmissive members 60, 70 and the 
target 30. The transmissive substance may also be included 
betWeen the ?rst transmissive member 60 and the third trans 
missive member 80. Alternatively, the boundary betWeen the 
third transmissive element 80 and the target 30 may be cov 
ered With a non-transmissive substance to block passage of 
parasitic light through. 

The transmissive sub stance 90 has a refractive index that is 
close to the refractive index of the target 30 and/or to the 
refractive indices of transmissive members 60, 70, 80. In one 
embodiment, the refractive index of the transmissive sub 
stance 90 is the same as or similar to the refractive index of the 
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6 
target 30. In one embodiment, the transmissive substance 90 
used betWeen the transmissive members 60, 70, 80 may also 
function as a glue to ?x these elements relative to each other. 
The transmissive substance used betWeen the target 30 and 

the ?rst, second and third transmissive elements, 60, 70, 80 
may be a liquid or a gel. A matching liquid is one example of 
the transmissive substance 90. A matching liquid is a liquid 
Whose refractive index may match the refractive index of an 
adjacent transmissive member, or the refractive index of the 
target, or both. Alternatively, air may be used as the transmis 
sive substance 90. 
When liquid or gel is used as the transmissive substance 90, 

it may be prone to motions that cause error during long 
recording sessions. As indicated by arroWs 61, 62 in FIG. 3 
and FIG. 4A the ?rst transmissive member 60 may be pressed 
against the third transmissive member 80 (80') and the target 
30 to minimiZe the thickness of the transmissive substance 90 
betWeen the transmissive members 60, 70, 80 and the target 
30 that is prone to causing errors. 
As explained above, the target or sample 30 is intended to 

have a rectangular cross section that ?ts in the space betWeen 
the transmissive members 60, 70. HoWever, an ideal and 
perfectly rectangular shape is generally a mere mathematical 
notion. Real samples have deviations from the ideal shape 
that are introduced during the processing of the sample. So, in 
reality the samples 30 include small Wedges along their sides 
causing a deviation from a perfectly parallel state for the 
sides. In short, the sides of the target 30 are substantially 
parallel rather than being perfectly parallel. Standard samples 
of higher quality, that have substantially parallel sides, may 
have Wedges of about 5 minutes. As demonstrated above, this 
deviation from having perfectly parallel sides impairs the 
reproducibility of the grating parameters such as spatial fre 
quency. If the deviation from parallel or the Wedge of the 
sample 30, is less than 8 seconds or approximately 40 times 
smaller than a 5 minute Wedge that appears in most standard 
samples, the grating’s spatial frequency may be reproduced 
With greater accuracy. While development of samples With a 
Wedge of approximately 8 seconds is possible, samples pro 
cessed With this level of accuracy are more expensive. The 
embodiments of the present invention, hoWever, alloW using 
samples or targets that are processed using standard methods 
and include Wedges along their sides that make the sides 
deviate from a perfectly parallel state. The embodiments of 
the present invention also apply to samples including other 
types of imperfections that may be inherent or may result 
during the processing of the sample. The embodiments of the 
present invention also apply to a highly processed sample 
With perfectly parallel sides. Different aspects of the inven 
tion, such as the use of the matching liquid, or ?xing the 
prisms and transmissive members to limit their angular 
mobility and the various arrangements presented for various 
embodiments of the present invention are applicable for any 
quality of sample. 
When a matching liquid is used for the transmissive sub 

stance 90, the embodiment shoWn in FIG. 3 is one example of 
a matching liquid cell Which excludes the necessity of special 
sample preparation for re?ection Bragg Gratings recording in 
transmission geometry. The directions of recording beam 
refractions are ?xed using the plate that receives the incident 
beams and is made from a highly transparent and non-photo 
sensitive material (e. g., fused silica). The other analogous 
plates surround the target or sample, that is in turn a plate of 
photosensitive material. All the plates and the target attach to 
each other With a matching liquid to exclude total re?ection of 
the incident beams on the boundaries betWeen the plates. The 
surfaces of plates Where the beams cross have to have a 
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relatively high quality to reduce beam distortions at the 
boundaries between the plates and betWeen the plates and the 
target. The matching liquid should have a refractive index 
close to the refractive index of target While the refractive 
indices of the other plates may differ from it. Under these 
conditions, the incident beams Will not experience substantial 
distortions on the boundaries even if the surface of the target 
does not have a very high quality. 
As shoWn in FIG. 3, a beam emitter 100 emits a beam of 

light Which is split into tWo split beams 10, 20 by a beam 
splitter 110 and re?ected by re?ecting elements 120 toWard 
the third transmissive member 80. HoWever, any optical 
arrangement resulting in tWo split beams propagating toWard 
the third transmissive member 80 may be used. The beams 10, 
20 are transmitted through the third transmissive member 80 
and are refracted according to their angles of incidence and 
the index of refraction of the third transmissive member 80. 
Because the third transmissive member 80 is highly transpar 
ent and non-photosensitive, the beams 10, 20 continue 
through the third transmissive member 80 With feW losses. To 
minimize the losses and exclude re-re?ections resulting in 
parasitic grating recording, the surfaces of transmitting mem 
bers may have antire?ection coatings or the transmissive 
substance may also be inserted betWeen the transmissive 
members 60, 70, and the transmissive member 80. The ?rst 
beam 10 proceeds through the transmissive substance 90 and 
into the ?rst transmissive member 60. The ?rst transmissive 
member 60 is pressed against the third transmissive member 
80 and the target 30 to minimiZe the thickness of transmissive 
substance in betWeen the tWo transmissive members. 
The ?rst beam 10 then proceeds through the ?rst transmis 

sive member 60, through the transmissive substance 90, and 
into a side of the target 30. Total re?ection of the ?rst beam 10 
on the boundary betWeen the ?rst transmissive member 60 
and the target 30 is prevented due to the transmissive sub 
stance 90. The transmissive substance 90 may have a similar 
index of refraction as the target 30 and is pressed against it, so 
the side of the target 30 need not have a high surface quality 
to avoid beam distortions at its boundary. A deviation such as 
that shoWn in FIG. 2B, in the sample or target is compensated 
by the matching liquid. The beam 10 continues to an interfer 
ence region Within the target 30. 

The second beam 20 enters the third transmissive member 
80 and experiences the same refraction as described above in 
relation to the ?rst beam 10. The second beam 20 then enters 
the second transmissive member 70 Which is ?xed to the third 
transmissive member 80. Because the second and third trans 
missive members 70, 80 are ?xed relative to each other, and 
the ?rst transmissive member 60 is pressed against the third 
transmissive member 80, the system of FIG. 3 is better stabi 
liZed than the prior art system of FIG. 2A and FIG. 2B, 
alloWing for less relative movement. 

The second beam 20 is transmitted through the transmis 
sive substance 90, and continues through a second and oppo 
site side of the target 30 to interfere With the ?rst beam in the 
interference region Within the target 30. The interference is 
then recorded in the photo sensitive target 3 0 to create a re?ec 
tion Bragg Grating. 

FIG. 4A and FIG. 4B shoW other embodiments of a system 
for recording re?ection Bragg Gratings. In these draWings, 
only the one combined transmissive member 80', 80" is used 
instead of the second and third transmissive members 70, 80 
of FIG. 3. The shape of the combined transmissive member 
80' of FIG. 4A is different from the shape of the combined 
transmissive member 80" of FIG. 4B. Further, the shape of the 
?rst transmissive element 60 of FIG. 3 and FIG. 4A is differ 
ent from the shape of the ?rst transmissive member 60' of 
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8 
FIG. 4B. In various embodiments, any of the transmissive 
members can have a shape different from the shapes shoWn in 
FIGS. 3, 4A, 4B as long as the underlying principles set forth 
in this speci?cation are folloWed. Further, although the sec 
ond and third transmissive members 70, 80 are ?xed to or 
integral With each other in the embodiments shoWn in FIG. 3 
and FIGS. 4A and 4B, it is also Within the scope of the 
invention for the members to be ?xed relative to each other 
through some intervening element or pressed against each 
other through the transmissive substance in a similar fashion 
as the ?rst and third transmissive members. In an alternative 
embodiment, neither the ?rst transmissive member nor the 
second transmissive member is pressed against the target or 
the third transmissive member. 

If the position of the target is offset from its intended 
position, the only boundary Where either beam 10, 20 expe 
riences the offset is in the boundary betWeen the target 30 and 
the transmissive substance 90. For example, if the target is 
offset by a Wedge AU. from its intended angle, as indicated by 
the dashed line, beam 10 experiences the offset at the bound 
ary betWeen the target 30 and the transmissive substance 90. 
If the refractive indices of the transmissive substance 90 and 
the target 30 are similar, the Wedge offset Will change the 
angle betWeen the beams 10, 20 negligibly. As explained 
above, the refractive index of the transmissive substance 90 
can be matched to the refractive index of the target 3 0 With the 
accuracy of about l0_4. This Will cause the angle betWeen the 
beams 10 and 20 to change only slightly. 

If the refractive index of the glass is n2:l .5 and the refrac 
tive index of the transmissive substance differs from the index 
of glass by 10-4 or nl:l .4999, 0qz(s1:/2)—0, AGIIAG, and 
AGl—A(X2:A6:l .4><l0'5, equation 1 reduces to the folloWing 
equation 2: 

(equation 2) 
n1 1 — sinzal 

Az11—A112=Az11l—— "*2 
n2 1 — sinzal 

"2 

The total beam deviation in the embodiments shoWn in 
FIG. 3, FIG. 4A, and FIG. 4B can be expressed by equation 2. 
From equation 2, it can be calculated that the Wedge tolerance 
is A0tz9><l0_3 radians or 30' (minutes). This value is more 
than 200 times larger than that of the embodiment of FIG. 2B 
and is much larger than a standard Wedge tolerance for optical 
plate treatment. 

Thus, the embodiments shoWn in FIGS. 3, 4A, and 4B can 
reduce quality requirements of the photosensitive target 
plates and provide a system and a method for repeatable 
recording of large siZed Well-characterized re?ection Bragg 
Grating. 
The invention has been described and illustrated by exem 

plary embodiments, but is not limited thereto. Persons skilled 
in the art Will appreciate that a number of modi?cations can be 
made Without departing from the scope of the invention, 
Which is limited only by the appended claims and their 
equivalents. 

What is claimed is: 
1. A system for recording a Bragg Grating in a photosen 

sitive target having a ?rst side and a second side opposite the 
?rst side and substantially parallel to the ?rst side, the system 
comprising: 

a ?rst transmissive member located proximate to the ?rst 
side of the photosensitive target; 
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a second transmissive member located proximate to the 
second side of the photosensitive target and proximate to 
the ?rst transmissive member; and 

a transmissive substance located betWeen the photosensi 
tive target and the ?rst transmissive member and 
betWeen the photosensitive target and the second trans 
missive member, 

Wherein the second transmissive member limits angular 
mobility of the ?rst transmissive member. 

2. The system of claim 1, Wherein the ?rst transmissive 
member is in pressed engagement With the transmissive sub 
stance. 

3. The system of claim 1, Wherein an index of refraction of 
the transmissive substance is similar to an index of refraction 
of the photo sensitive target and/ or the ?rst transmissive mem 
ber and the second transmissive member. 

4. A system for recording a Bragg Grating in a photosen 
sitive target having a ?rst side and a second side opposite the 
?rst side and substantially parallel to the ?rst side, the system 
comprising: 

a ?rst transmissive member located proximate to the ?rst 
side of the photosensitive target; 

a second transmissive member located proximate to the 
second side of the photosensitive target; 

a third transmissive member located proximate to the ?rst 
transmissive member and the second transmissive mem 
ber; and 

a transmissive substance located betWeen the photosensi 
tive target and the ?rst transmissive member and 
betWeen the photosensitive target and the second trans 
missive member, 

Wherein the third transmissive member limits angular 
mobility of the ?rst transmissive member and the second 
transmissive member. 

5. The system of claim 4, Wherein the second transmissive 
member is ?xed to the third transmissive member. 

6. The system of claim 4, Wherein the ?rst transmissive 
member, the second transmissive member, and the third trans 
missive member have respective indices of refraction that are 
substantially the same. 

7. The system of claim 4, Wherein proximate surfaces of the 
?rst transmissive member, the second transmissive member, 
and the third transmissive member include antire?ection 
coating. 

8. The system of claim 4, Wherein at least one of the ?rst 
transmissive member, the second transmissive member, and 
the third transmissive member is non-photo sensitive or trans 
parent. 

9. The system of claim 4, Wherein the at least one of the ?rst 
transmissive member, the second transmissive member, and 
the third transmissive member is fused silica. 

10. The system of claim 4, further comprising: 
a beam emitter for emitting a beam of light for transmission 

toWard the photosensitive target; and 
a beam splitter for receiving and splitting the beam of light 

into a ?rst split beam and a second split beam, Wherein 
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10 
the third transmissive member is positioned to provide a 
path for the ?rst split beam and the second split beam 
toWard the photosensitive target. 

11. The system of claim 10, Wherein the third transmissive 
member is positioned to provide a ?rst path for the ?rst split 
beam toWard the ?rst side of the photosensitive target and a 
second path for the second split beam toWard the second side 
of the photosensitive target. 

12. The system of claim 4, Wherein the transmissive sub 
stance is located betWeen the third transmissive member and 
the ?rst transmissive member and betWeen the third transmis 
sive member and the second transmissive member. 

13. The system of claim 4, Wherein the ?rst transmissive 
member is in pressed engagement With the transmissive sub 
stance. 

14. The system of claim 4, Wherein an index of refraction of 
the transmissive sub stance is similar to an index of refraction 
of the photosensitive target and/ or the ?rst transmissive mem 
ber and the second transmissive member. 

15. The system of claim 4, Wherein the transmissive sub 
stance is a matching liquid. 

16. A method for creating a Bragg Grating in a target 
having a ?rst side opposite a second side, the method com 
prising: 

positioning a ?rst transmissive member proximate to the 
?rst side of the target; 

positioning a second transmissive member proximate to 
the second side of the target; 

positioning a transmissive substance betWeen the target 
and the ?rst transmissive member and betWeen the target 
and the second transmissive member; 

limiting an angular mobility of the ?rst transmissive mem 
ber and the second transmissive member; and 

radiating a ?rst beam of light and a second beam of light 
toWard the target such that the ?rst beam of light enters 
the ?rst side and the second beam of light enters the 
second side of the target, 

Wherein the target is a photosensitive medium. 
17. The method of claim 16, Wherein the limiting an angu 

lar mobility of the ?rst transmissive member and the second 
transmissive member includes positioning the second trans 
missive member proximate to the ?rst transmissive member. 

18. The method of claim 16, Wherein the limiting an angu 
lar mobility of the ?rst transmissive member and the second 
transmissive member includes positioning a third transmis 
sive member proximate to the ?rst transmissive member and 
the second transmissive member. 

19. The method of claim 16, further comprising position 
ing a nontransmissive substance betWeen the target and the 
third transmissive member. 

20. The method of claim 16, further comprising pressing 
the ?rst transmissive member toWard the transmissive sub 
stance. 


